Abstract To clarify the role of Ca ion in the rising phase of the sinoatrial (S-A)node action potential,the sigmoidal relationship between the maximum rate of rise of the action potential and the maximum diastolic potential was examined at various concentrations of Ca.The membrane potential was changed by applying a current across a single sucrose gap.The sigmoidal curve shifted toward the positive potential without a change in maximum value when the Ca concentration was increased from nominal"zero"to 10mm.Therefore,it is concluded that Ca ion modifies the inactivation process of Na current which is responsible for the rapid rising phase of the S-A node action potential. The duration of the action potential and the maximum diastolic potential were decreased with an increase in Ca concentration.The observation that the overshoot of the action potential increased by 12 mV for a tenfold increase in concentration of Ca(within the range of 0.1-5.0 mm) suggests that the inward current of Ca ion may be responsible for the overshoot of the S-A node action potential.
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Ionic species responsible for the rising phase of the action potential of the sinoatrial(S-A) node cell are still a subject of controversy.The finding that the maximum rate of rise of depolarization is dependent upon both the extracellular concentration of sodium ion([Na]o) and the membrane potential (NoMA and IRISAWA,1974) supports the assumption that Na ion is responsible for the rapid rising phase of the action potential.However,the action potential of the S-A node cell is resistive to TTX (YAMAGISHI and SANO,1966) ,but is inhibited by Mn ion (LENFANT et al.,1968; BROOKS and Lu,1972) .Therefore,the Ca ion may carry a part of the inward current in the S-A node action potential.If most of the inward current would be carried by the Ca ion,the highest value of the maximum rate of rise of depolarization would depend on [Ca] o.Alternatively,if the role of the Ca ion would be simply to modify the Na current as in Purkinje fibers (WEID-MANN,1955) ,change in[Cab should shift the sigmoidal relationship between the maximum rate of rise and the membrane potential without changing its highest value.
The present experiments were designed to learn how Ca ion affects the rising phase of the S-A node action potential.
METHODS
Rabbits,weighing 1-2 kg,were anesthetised with an intravenous injection of sodium pentobarbital(40mg/kg).The S-A node tissues were isolated.The methods of dissection and the experimental procedures were previously described in detail (NoMA and IRISAWA,1974) .Current pulse(2-3 sec in duration)was applied across a single sucrose gap to change the membrane potential,which was recorded by a conventional microelectrode.The control Tyrode solution contained NaCl 136.9,KCl 2.7,CaCl2 1.8,and MgCl12 0.5 inmM,and the pH was adjusted to 7.4 by a phosphate buffer.When the concentration of Ca was varied from 0.01 to 20 mM,CaC12 was substituted by equimolar NaCl,and the pH was adjusted by Tris(Tris HCl 8.3,Tris base 3.2mM).In nominal"zero"[Cab solution CaCl2 was not added.
Because transmembrane potentials vary considerably in magnitude from fiber to fiber in the S-A node,changes in the action potential were measured from a continuous recording in the same cell.The sigmoidal relationship between the membrane potential and the maximum rate of rise of depolarization was obtained in the similar way as reported elsewhere (NoMA and IRISAWA,1974) .The maximum diastolic potential was measured as a relative value of the membrane potential, assuming that degree of inactivation during the slow diastolic depolarization might be equal among different trials.
RESULTS
Figure 1 A shows the action potential and the maximum rate of rise of depolarization of a S-A node cell at 0.1,1.8,and 10.0 mM [Ca] o.The average duration of the action potential,measured at the level of 50 % amplitude of the action potential, was reduced from 103 msec to 78 msec when[Cab was increased from 1.8mM to 10.0 mM,while it was prolonged to 157 msec when[Cab was reduced to 0.01mM from 1.8mM in 4 experiments.Similar effects of Ca ion on the duration of the action potential were reported by NIEDERGERKE and ORKAND(1966) and by SEYAMA (1969) in other myocardial fibers.The maximum rate of rise of depolarization remained almost constant within the range of 0.1-5.0mM [Ca] o.In one example they were 3.1,3.2,3.1,and 3.0 V/sec at 0.1,0.5,1.8,and 5.0 mM [Ca] o,respectively. In another example,6.8,7.6,7.6,and 8.3 Figure 2A shows the relationship between the maximum rate of rise and the maximum diastolic potential,obtained from the same cell at 1.8 mM and 10.0 mM [Ca] o.The highest value of the maximum rate of rise of depolarization at 10.0 mM [Ca] .was almost equal to that at 1.8 mM [Ca] o,which was 10.3 V/sec.The sigmoidal curves in Fig.2A relationship between the maximum diastolic potential and log(1-h)/h (NoMA and IRISAWA,1974) .The values of s and Vh were 8.9mV and 57mV at 1.8mM [Ca] o, and 9.1mV and 51mV at 10mM [Ca] o,respectively.This result suggests that the sigmoidal curve was shifted toward the positive membrane potential by increasing [Ca] o.In another experiment,the sigmoidal relationship at nominal"zero" [Ca] o was compared with that at 1.8mm [Ca] o (Fig.2B) .The highest value of the maximum rate of rise of depolarization at nominal"zero" [Ca] o was almost equal to that at 1.8mM [Ca] o,i.e.9.8 V/sec.The sigmoidal curve was shifted slightly toward the negative membrane potential.
In Table 1 ,the results of 7 experiments are summarised.The mean values of s were 12.1,11.7,and 12.0mV at 1.8,nominal"zero"and 10.0mM [Ca] o,respectively. Vh was increased by 4.2mV(average of 5 experiments)at nominal"zero" [Ca] o, and was decreased by 9.0mV(4 experiments)at 10.0 mM [Ca] o as compared with Table 1 .Summary of the maximum value of the maximum rate of rise of depolarization(Vmax),membrane potential at which h=1/2(Vh) and slope factor(s)measured from different cells.
the control at 1.8mm [Ca] o.These results confirm that the sigmoidal curve was shifted toward the positive potential by increasing [Ca] o.
When 1mm EGTA was added to Tyrode containing 1 mm Ca,the spontaneous activity disappeared within 10 min.Within 30 to 60 min in EGTA buffered solution,the action potential was elicited by application of current. However,the highest value of the maximum rate of rise of depolarization was smaller than that obtained in the control Tyrode (Fig.3) .
DISCUSSION
The effect of Ca on the sigmoidal relationship between the maximum rate of rise of depolarization and the membrane potential in the S-A node cell was qualitatively similar to that in the Purkinje fiber (WEIDMANN,1955) .The sigmoidal curve was shifted toward the positive potential with an increase in [Ca] o.The highest value of the maximum rate of rise was not changed even when [Ca] o was widely changed from nominal"zero"to 10mm.The conclusion of the previous report (NOMA and IRISAWA,1974 )that Na ion is responsible for the generation of the initial phase of the action potential in the S-A node cell was confirmed.The decrease of the highest value of the maximum rate of rise in the EGTA buffered solution (Fig.3) might be due to impaired membrane integrity by the removal of extracellular Ca ion.
Overshoot of the action potential in the S-A node cell was increased by 12 mV for a ten-fold increase in [Ca] o in a range of 1.0-1.8 mm.It is likely that the inward current of Ca ion is responsible for the overshoot of the action potential as previously suggested in the amphibian myocardium (HAGIWARA and NAKAJIMA,1966; NIEDERGERKE and ORKAND,1966; SEYAMA,1969) .The slow inward current of Ca ion has been demonstrated in the voltage clamp experiments in various myocardiums including the canine ventricle (BEELER and REUTER,1970) ,cat ventricle (NEW and TRAUTWEIN,1972) ,guinea-pig ventricle (OCHI,1970) ,and frog atrium (RouGIER et al.,1969; GoTO et al.,1971) .The results obtained in both the preceding and present experiments suggest that in the S-A node cell the inward current is carried by both Na and Ca ion.
In agreement with the previous reports (SEIFEN et al.,1964; TODA and WEST, 1967) ,the amplitude of the S-A node action potential was decreased with an increase in [Ca] o.This decrease in amplitude was attributed to the decrease in the maximum diastolic potential in this experiment.On the other hand,in other myocardiums an increase of the resting membrane potential has been reported (NIEDERGERKE and ORKAND,1966) .This apparent discrepancy might be due to the fact that the maximum diastolic potential in the S-A node cell is not equivalent to the resting membrane potential.The explanation for the decrease in the maximum diastolic potential at high [Ca] o,awaits further experimentation.
